Introduction
============

Diabetes is the commonest disease of the endocrine system, with changes in metabolism of carbohydrates, lipids and proteins. Chronic complications such as neuropathy, nephropathy, retinopathy and cardiovascular diseases are common in long-standing uncontrolled diabetes ([@R1]--[@R3]). The two major forms of diabetes are type 1 diabetes (accounts about 10% diabetes cases worldwide), which results from absolute deficiency of insulin due to autoimmune destruction of pancreatic β-cells and type 2 (90% of all diabetic cases worldwide), which results from insulin resistance and/or relatively insufficient insulin secretion ([@R1], [@R4]--[@R7]). Type 1 diabetes usually affects children or young adults while type 2 diabetes most often happens in adults, but it is increasingly affecting children and adolescents([@R1],[@R2]). Type 2 diabetes may remain undiagnosed until complications become evident since the disease develops gradually.

Formerly, diabetes has been a disease affecting developed countries and wealthy people. However, recently, it became a health problem in all population in the world, particularly developing countries ([@R8]). In the last few decades, the prevalence of diabetes increased alarmingly reaching to epidemic level, affecting people in all age groups in both urban and rural settings ([@R2],[@R5]). Several authors have estimated and projected the prevalence of diabetes in different years and for different years, respectively ([@R2],[@R5], [@R8]--[@R12]). However, most of them have projected less than actually detected. For example, Danaei et al have reported that in 2008 about 347 million people had diabetes worldwide ([@R10]), which is much lower than that of 258 million people projected by Shaw and his colleagues for 2010 ([@R11]).

According the International Diabetes Federation (IDF) report, the number of people having diabetes was 415 million in 2015 and projected to rise to 642 million in 2040. The same report estimated that in the age group of 20--79 years, the global prevalence of diabetes was 8.8% in 2015 and projected to be 10.4% in 2040 ([@R13]). The worst scenario is that diabetes is increasingly encroaching productive population groups ([@R14]), as reported by IDF in 2015 about 77.3% of people with diabetes are in the age range of 20--64 years ([@R13]). Many scholars believe that the shocking increase in diabetes prevalence in all populations of the world could be attributed to amenable risk factors such as habit of unhealthy diets, physical inactivity, increasing proportion of overweight and obese people, excess intake of alcohol and increasing urbanization([@R4],[@R13],[@R15]--[@R19]).

The increase of diabetic prevalence is now becoming more significant in developing countries than in developed countries, where there are scarce resources for diabetic management, contributing to increased risk of premature morbidity and mortality with major social and economic consequences ([@R2]). In 2015, the estimated revalence of diabetes was 3.2%, which is projected to be 3.7% in 2040 in African region ([@R13]), which comprises most developing countries including Ethiopia. However, data on diabetes prevalence is scarce in developing countries, in particular sub-Saharan Africa and rural populations ([@R17],[@R20]). The Ethiopian Diabetes Association (EDA) estimated 2--3% prevalence in 2013 in Ethiopia. In 2015, the Ethiopian Diabetes Association (1.33 million) and IDF (1.30 million) reported almost the same number of people live with diabetes in the country ([@R13]).

Many of the studies done on diabetes so far in Ethiopia focused on the glycemic control, dyslipidemia and acute and chronic complications of diabetes among diabetic patients ([@R21]--[@R28]). Few community based and institution based studies documented data on prevalence of diabetes in Ethiopia, which can be used as preliminary information on the effect of diabetes on Ethiopian population ([@R15],[@R29]--[@R31]). A community based study on bank workers and teachers ([@R29]) and a hospital based study ([@R31]) reported diabetes prevalence of 6.5% in Addis Ababa. Another community based study in Northwest Ethiopia indicated that the prevalence of diabetes in the population aged 35 years and above is 5.1% in urban setting and 2.1% in rural setting ([@R15]). No community based survey of diabetes was done in the study area in particular as well in Sidama Zone and South Nations, Nationalities, and People\'s Regional (SNNPR) State at large. Therefore, this community based survey aimed to generate information on the prevalence of diabetes in the study area and identify contributing risk factors.

Materials and Methods
=====================

**Study setting and design**: This is a cross-sectional community based study conducted on 2670 participants in Bona District, Sidama Zone, South Ethiopia, from February to June 2016. Bona District ('woreda' in Ethiopia setting), is one of the 19 districts in Sidama Zone, SNNPR State. According to the national census, in 2011 the population size of the district was about 135,816, which is about 4% of the total population (3,406,188) of Sidama Zone. The district has 20 villages ('kebele', the smallest administrative unit in Ethiopia).

Individuals with age of 15 years and above, living in Bona District, who lived at least half a year in the study area and those who gave informed consent were included in the study. Pregnant women, severely ill patients at the time of sample collection, and individuals with fever, infection, congestive heart failure and known endocrine disorders like Cushing\'s syndrome were excluded from the study.

**Sampling techniques**: The sample size was estimated by taking 0.50 proportion since national prevalence for diabetes is lacking. The calculated sample size at 95% confidence interval and absolute precision (d) of 0.02 was 2401. Since we had blood glucose test strips from Ethiopian Diabetes Association, we topped the sample size to 3000. A two-stage random sampling technique was applied to select study participants. From 20 villages of the district, 10 were selected by lottery method, and each village was allocated sample size proportional to the total households in each village. A constant number k was obtained by dividing the total household in each selected village by the sample size allotted to the respective village. Then, the first household was selected from each selected village randomly by lottery method, and subsequent households were selected by taking consecutive k^th^ households until the allotted sample size for each village was obtained. Only one participant was recruited into the study from a household, by using lottery method in households where there were more than one eligible individuals.

**Data collection**: The data were collected by data collectors composed of general practitioners and nurses who were able to speak and write the local language. The data collectors were given a one day training about the study and the data collection process by the principal investigator. To ensure data quality, the questionnaire was standardized by 5% pretesting and random supervisions were done by investigators. The general practitioners made physical examination for clinical conditions for consented individuals before they were interviewed by trained nurses using structured questionnaire in three categories: socio-demographic information, previous history of diabetes and hypertension, and family history of diabetes mellitus and hypertension. After the interview, anthropometric parameters and random blood glucose were measured for each participant.The random blood glucose was determined by using glucometer-strip method by finger puncture. According to the American Diabetes Association\'s guideline, random blood glucose levels \<140mg/dl was considered as normal, 140--199mg/dl as impaired glucose regulation and ≥200mg/dl defined as diabetes ([@R7]). Whenever random blood glucose level indicates case of diabetes (≥200mg/dl) and impaired glucose regulation (140--199mg/dl), it was confirmed by measuring fasting blood glucose levels. Participants who were unaware of that they had diabetes prior to the study were linked to Bona Primary Hospital for further diagnosis and management of their conditions.

Weight was measured to the nearest 0.1 kilogram (kg) using a person scale when the participants were in light indoor clothing and bare feet. Height was measured to the nearest 0.01 meter (m) by a stadiometer when the participants were in erect position without shoes. Body mass index (BMI) was calculated by dividing weight in kilograms by square of height in meters. BMI \< 18.0kg/m^2^ is taken as underweight, 18.0--24.9kg/m^2^ as normal weight, 25.0--29.9 as overweight and ≥30kg/m^2^ as obese ([@R32]). Waist circumference was measured in centimeter (cm) by placing a tape meter horizontally, midway between the 12^th^ rib and the iliac crest on the mid-axillary line. Male participants with waist circumference of ≥ 94cm were considered as having central obesity whereas female participants with ≥ 80cm waist circumference were considered as having central obesity ([@R32]). Blood pressure was measured after at least 5 minutes of rest using an appropriate mercury sphygmomanometer and expressed in mmHg. Hypertension was defined based on WHO criteria, systolic blood pressure ≥140 mmHg or diastolic blood pressure ≥90mmHg ([@R33]) or reported regular use of anti-hypertensive drug. The measurements were taken two times and the average values were recorded.

**Data analysis**: Data were entered, cleaned, coded and analyzed by using SPSS for Windows version 20.0 (IBM, USA). The data were cleaned by using sort cases tool and whenever missing and/or unexpected values were identified, that value was checked in the filled hardcopy data collection questionnaire to correct data entry mistakes. The data were expressed in range, mean and standard deviation of the mean, median, inter-quartile range and p-values if necessary. Since the outcome variable was ordered categorical, we used ordinal regression model to identify associated factors. Collinearity diagnostics was done, and there was no multicollinearity among the independent variables included in the model. All the independent variables with p\<0.25 during bivariate analyses were included in the multivariate model. A regression coefficient (β) with 95% CI was reported, while the level of significance was set at p\<0.05.

**Ethical approval**: The research protocol was approved by the South Nations, Nationalities and Peoples\' Reginal State Health Bureau Ethical Review Committee. Every effort was made to keep personal information in the research record private and confidential. Written informed consent was obtained from each participant before data collection. In cases where the participants were below the age of 18 years, informed consent was obtained from their parents or guardians before data collection.

Results
=======

**Characteristics of study participants**: Initially, data were collected from 2922 study participants. However, during clearance of data for missing and unexpected values, 252 participants had unrepairable missing and/or unexpected value(s) and were excluded from analysis. Thus, finally, 2670 participants were included in the study. [Table 1](#T1){ref-type="table"} depicts the socio-demographic and anthropometric characteristics of the study participants. Males accounted for 56.9% while females constituted 43.1% of the study participants. Most (97.3%) of the participants were of Sidama ethnic group.

###### 

Sociodemographic and anthropometric characteristics of study participants (N = 2670)

  Variable              Frequency (%)   Median
  --------------------- --------------- -------------------------------------------
  Sex                                   
  Male                  1518 (56.9)     
  Female                1152 (43.1)     
  Age                                   
  Less than 40 years    1682 (63.0)     32 (23--47)
  40 years and above    988 (37.0)      
  Ethnicity                             
  Sidama                2597 (97.3)     
  Other                 73 (2.7)        
  Educational level                     
  Illiterate            984 (35.5)      
  Elementary school     1045 (39.1)     
  2^0^ school           511 (19.1)      
  Post 2^0^ education   166 (6.2)       
  Family size                           
  Up to 5 members       973 (36.4)      6.44 (2.76)[¥](#TF1){ref-type="table-fn"}
  \> 5 members          1697 (63.6)     
  Family income                         
  500 birr or less      1561 (58.5)     417(200--1000)
  \> 500 birr           1109 (41.5)     
  Body mass index                       
  Underweight           349 (13.1)      
  Normal                2148 (80.4)     20.78
  Overweight & obese    173 (6.5)       (2.81)[¥](#TF1){ref-type="table-fn"}
  Waist circumference                   
  Low                   2288 (85.7)     76.56
  High                  382 (14.3)      (7.94)[¥](#TF1){ref-type="table-fn"}
  Systolic BP (mmHg)                    
  Normal                2078 (77.8)     
  Prehypertension       250 (9.4)       115.1
  Hypertension          342 (12.8)      
  Diastolic BP (mmHg)                   
  Normal                2297 (86.0)     
  Prehypertension       16 (0.6)        74.6 (12.6)[¥](#TF1){ref-type="table-fn"}
  Hypertension          358 (13.4)      
  Combined              216 (8.1)       
  hypertension                          

Mean (Standard Deviation)

The median age of the study participants was 32 ([@R23]--47) years, and 63% of them were below the age of 40 years while 37% were 40 years and above. Most of the study participants had elementary education (39.1%), followed by 35.5%, 19.1% and 6.2% of illiterate, secondary, and postsecondary education, respectively. The average family size was 6.44 (2.76), which is similar to family size commonly observed in developing countries. When grouped into two, 36.4% of the study participants lived in families of five or less members while the rest 63.6% lived in families of more than 5 members. Though the method used to estimate family income was not appropriate in rural setting, the median family income was 417 (200--1000) Birr, and 58.5% of the participants reported having monthly income of 500 or less Birr while the rest 41.5% reported that they had more than 500 Birr monthly family income.

The mean systolic and diastolic blood pressure, respectively, were 115.1 (19.6) mmHg and 74.6 (12.6) mmHg. According to the WHO definition of hypertension ([@R33]), 77.8% of the study participants had normal systole blood pressure, 9.4% of them had systolic prehypertension and 12.8% of them had systolic hypertension. Based on diastole blood pressure data, most (86.0%) of them were normal; a very small proportion (0.6%) had prehypertension and 13.4% of them had hypertension. Two hundred sixteen (8.1%) of the participants had combined hypertension. While most of the study participants (80.4%) had normal body mass index (BMI), remarkable proportion (13.1%) of them were underweight and only 6.5% of them were overweight and obese.

**Prevalence of diabetes and associated factors**: The mean random blood glucose level was 105.2 (35.5) mg/dl. The prevalence of diabetes was 1.9%, whereas 2.6% of the participants were prediabetes. More than half of the diabetic participants (54.0%) were unaware that they had diabetes prior to the time of this study. Furthermore, most (95.7%) of the participants with prediabetic blood glucose levels did not know that they had impaired regulation of their blood glucose.

The prevalence of diabetes significantly increased with age advancement; diabetes prevalence in participants with age of 40 years and above (3.1%) is significantly higher than that in participants with age less than 40 years (1.1%) by factor of 1.04 ((0.57--1.50), P \<0.001). When BMI is used as measure of overweight and obesity, though the prevalence of diabetes in overweight and obese participants (5.8%) was higher than that of 1.6% prevalence in participants with normal BMI, no significant association is observed, which may be due to small sample size in overweight and obese group. More than 14% of the study participants have central obesity (high waist circumference), and the prevalence of diabetes is significantly higher in participants with high waist circumference (4.2%) compared to 1.5% of the participants with low waist circumference (β=0.86 (0.34--1.39), P \< 0.001).

Regarding the association between diabetes and hypertension, the prevalence of diabetes is highest in participants with systolic hypertension (4.1%), followed by the one in participants with systolic prehypertension (2.0%) and those with normal systolic blood pressure (1.5%), respectively. The chance of individuals with systolic hypertension to be diabetic is significantly higher by factor of 0.59 than those with normal systolic blood pressure (β=0.59 (0.01--1.18), P \< 0.046). In the same manner, the prevalence of prediabetes is higher in participants with systolic hypertension (4.4%) than in participants with normal systolic blood pressure. Though not significant, diabetes is positively higher in participants with diastolic prehypertension (6.7%) compared to individuals with normal blood pressure (1.6%). Unexpectedly, diabetes is negatively associated with diastolic hypertension (β = −0.37); this may be due to very small study participants in diastolic prehypertension blood pressure.

The prevalence of diabetes was not significantly associated with socio-demographic factors except educational levels. Post-secondary education significantly increases the chance of developing diabetes (β=0.87 (0.03--1.71), P\<0.042), which could be attributed to physical inactivity related to work environment in educated participants. As shown in [Table 2](#T2){ref-type="table"}, the prevalence of diabetes was twofold higher in males (2.4%) than in females (1.2%) though not at statistically significant level. The prevalence of diabetes was higher in those who live in families of greater than 5 members (2.3%) in comparison to those who live in families of 5 or less members (1.6%), but the increment in diabetes with increasing family size is not significant. In the same way, though statistically not significant, the prevalence of diabetes in participants with monthly family income higher than 500 birr (2.3%) than in participants with monthly family income of 500 birr and less (1.6%).

###### 

Estimation of diabetes and ordinal logistic regression analysis of factors associated with random blood glucose levels in study participants (N = 2670)

  Variables             Random blood glucose (mg/dl)   β \[95% CI\]   P value                           
  --------------------- ------------------------------ -------------- ----------- --------------------- ---------
  Sex                                                                                                   
  Male                  1453 (95.7%)                   29 (1.9%)      36 (2.4%)   1.00                  
  Female                1098 (95.3%)                   40 (3.5%)      14 (1.2%)   −0.08 (−0.57--0.40)   
  Age                                                                                                   
  \< 40 years           1636 (97.3%)                   27 (1.6%)      19 (1.1%)   1.00                  
  ≥ 40 years            915 (92.6%)                    42 (4.3%)      31 (3.1%)   1.04 (0.57--1.50)     \<0.001
  BMI                                                                                                   
  \<18.0kg/m^2^         335 (96.0%)                    9 (2.6%)       5 (1.4%)    1.00                  
  18.0--24.9kg/m^2^     2060 (95.9%)                   53 (2.5%)      35 (1.6%)   −0.04 (−0.63--0.55)   
  ≥25kg/m^2^            156 (90.2%)                    7 (4.0%)       10 (5.8%)   0.23 (−0.61--1.08)    
  WC                                                                                                    
  Low                   2205 (96.4%)                   49 (2.1%)      34 (1.5%)   1.00                  
  High                  346 (90.6%)                    20 (5.2.0%)    16 (4.2%)   0.86 (0.34--1.39)     \<0.001
  Systolic BP                                                                                           
  ≤120mmHg              1998 (96.2%)                   49 (2.4%)      31 (1.5%)   1.00                  
  120--139mmHg          240 (96.0%)                    5 (2.0%)       5 (2.0%)    −0.14 (−0.85--0.56)   
  ≥140 mmHg             313 (91.5%)                    15 (4.4%)      14 (4.1%)   0.59 (0.01--1.18)     \<0.046
  Diastolic BP                                                                                          
  ≤80 mmHg              2200 (95.8%)                   61 (2.7%)      36 (1.6%)   1.00                  
  80--89 mmHg           14 (93.3%)                     0 (0.0%)       1 (6.7%)    0.12 (−1.95--2.19)    
  ≥ 90 mmHg             337 (94.1%)                    8 (2.2%)       13 (3.6%)   −0.37 (−0.99--0.26)   
  Educational level                                                                                     
  Illiterate            898 (94.7%)                    37 (3.9%)      13(1.4%)    1.00                  
  Primary school        1001 (95.8%)                   20 (1.9%)      24 (2.3%)   0.28 (−0.22--0.79)    
  Secondary school      496 (97.1%)                    9 (1.8%)       6 (1.2%)    0.16 (−0.56--0.88)    
  Post-secondary edu.   156 (94.0%)                    3 (1.8%)       7 (4.2%)    0.87 (0.03--1.71)     \<0.042
  Family size                                                                                           
  \< 5 members          939 (96.5%)                    19 (2.0%)      15 (1.5%)   1.00                  
  \> 5 members          1612 (95.0%)                   50 (2.9%)      35 (2.1%)   0.21 (−0.21--0.64)    
  Family income                                                                                         
  ≤ 500 birr            1495 (95.5%)                   41 (2.6%)      25 (1.6%)   1.00                  
  \> 500 birr           1056 (95.2%)                   28 (2.5%)      25 (2.3%)   0.12 (−0.26--0.51)    

WC - waist circumference, BP - blood pressure, BMI - body mass index, β-regression coefficient

Discussion
==========

In this community based study, we estimated the magnitude of diabetes in rural setting. There was a great variability of age, ranging 15--110 years among the study participant, which will probably lead to wide variability of blood glucose level and thus prevalence of diabetes. The risk factors were age advancement, central obesity, systolic hypertension and postsecondary education.

The prevalence of diabetes in this study was 1.9%, which is expected in rural setting and comparable to 2.1% prevalence previously reported by Abebe et al in rural Northwest Ethiopia ([@R15]) and 2.2% prevalence of type 2 diabetes in rural Kenya based on fasting blood glucose levels ([@R16]). Furthermore, our result is the same as the estimated prevalence of diabetes in Ethiopian adult population ([@R34]). On the contrary, the prevalence of diabetes from this study is higher than that reported by Ambachew et at (1.3%) in Northern Ethiopia ([@R30]), 1.2% in Bank employees in Addis Ababa ([@R35]). In the same way our result is much higher than prevalence of type 2 diabetes in other Sub-Saharan countries like 0.6% in rural Uganda, a study based on random plasma glucose test ([@R17]) and 0.8% in rural Cameroon, a study based on fasting blood glucose test/oral glucose tolerance test ([@R36]). However, our result is much lower compared to prevalence of type 2 diabetes in rural setting reported from African countries, such as 5.3% in Guinea ([@R18]), 5% in Kenya ([@R19]), 8.8% and 3.9% in South Africa ([@R37], [@R38]). The discrepancies among results from different studies in different vicinities may be due to the socio-demographic and life style of the studied population. Our study used random blood glucose level, which may be less powerful to identify diabetes cases that the obtained prevalence may be less than the actual burden of the disease. The other limitation in comparing our results to previously reported diabetes prevalence in Sub-Saharan countries would be that we did not differentiate between type 1 and type 2 diabetes. However, still in overall, our result indicated that diabetes poses a significant health problem in rural Ethiopian population, which accounts for about 80% of the total population of the country.

More than half (54%) of the diabetes cases were newly diagnosed in our study. This is about twofold of newly diagnosed diabetes reported by previous study ([@R29]). However, it is lower than undiagnosed diabetes in Northwest Ethiopia 69% in urban and rural combined and 82.6% in rural setting ([@R15]). The high rate of undiagnosed diabetes may be due low cognizance of the people about the disease. It is of critical importance to increase population awareness about chronic diseases like diabetes to enhance early diagnosis of the disease and management before its progression to life threatening complication.

As expected, diabetes is associated with increasing age, significantly higher in study participants with age ≥ 40 years. This is in agreement to previous studies in Ethiopia ([@R15],[@R39]) and elsewhere in other African countries ([@R18],[@R36]). Therefore, it is advisable to design mechanism for health education and promotion to enhance checkup for the disease as age advances. The other risk factor for development of diabetes is central obesity; high waist girth is positively and significantly associated with diabetes. Furthermore, the proportion of individuals with high waist circumference (14.3%) is remarkable in rural setting and may contribute to alarmingly increasing prevalence of diabetes, currently, in developing countries. Previous studies from sub-Saharan Africa indicated that high waist circumference is a risk factor for diabetes ([@R16],[@R18]). Thus, our finding strengthens the idea that excess waist circumference plays a role in the development of type 2 diabetes. Though not significant, participants with BMI ≥ 25.0kg/m^2^ category have high chance of developing diabetes. The insignificant association may be due to small sample size in the BMI ≥ 25.0kg/m^2^ category.

Observations indicate that the link between diabetes and hypertension is bidirectional. In our study, diabetes is positively and significantly associated with systolic hypertension. Our finding is in agreement with a previous study in Guinea ([@R18]). Previous studies in different regions of Ethiopia indicated that the prevalence of hypertension is high and increasing ([@R29],[@R40]), as also observed in this study. Crude systolic hypertension, diastolic hypertension, and combined hypertension of 12.8%, 13.4%, and 8.1%, were observed in this study. Thus, we speculate that the increasing prevalence of hypertension may play its role in increasing prevalence of diabetes.

The prevalence of diabetes (1.9%) obtained in this survey is remarkably high in rural setting where the disease is encroaching Ethiopians. As indicated in previous studies in the country and elsewhere, our result supports the idea that controllable risk factors, like central obesity, hypertension and physical inactivity may play roles in increasing prevalence of diabetes in both developed and developing countries. The high percentage of participants who did now know their condition indicates the low awareness of the population about this life scrambling disease. Therefore, nationwide survey is needed to get the clear figure and enforce prevention, early detection and management strategies.
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